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Historical
Skin unresponsiveness, in a broad sense, implies diminished
reaction to a given stimulus repeatedly applied. The unrespon-
siveness may be partial or complete. That the skin has this
property under certain circumstances is an observation first
recorded by Samuel (1) (1892). He produced a local inflamma-
tion by applying Croton oil to a rabbit's ear. On recovery, a
reapplication to the same site gave distinctly less response than
did the opposite ear not previously treated. Similar results were
noted later by J. Jadassohn (2) who induced a mercury derma-
titis. He also observed that after an acute attack of this eczema-
tous dermatitis, the site of skin involved was "desensitized" so
that during a recurrent attack of mercury dermatitis less se-
vere lesions occurred in the previously affected area. Werner
(3) described histologic changes in the skin epithelium after
repeated application of ether and ethyichioride. Once these
changes were complete, response to cold as well as to roentgen
rays was considerably diminished in contrast to untreated sites.
By far the most extensive experiments on skin unresponsive-
ness were made by means of wheals artificially produced. This
method of investigation followed the observations of Phillipson
(1902) who found that a number of substances,—atropine,
morphine, peptone and paraphenyldiamine—when applied to
the dermis caused whealing. This list was somewhat extended
the following year by Torök and Han (4), and later by Soliman
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and Pileher (5), but the number of wheal forming substances is
comparatively small. Of importance to later investigations
was the addition of histamine to the list by Eppinger (6) (1913).
Hecht (7) (1920) produced wheals on human skin with mor-
phine and atropine, and on their disappearance reinjected the
same sites with these drugs. He found that wheals from mor-
phine first diminished and then increased, whereas atropine
wheals became much smaller. These observations were repeated
and enlarged upon by various investigators (8—10) (lOa) who
used other wheal forming substances. The results of this com-
bined experience were by no means uniform. With most drugs,
partial unresponsiveness of the skin was obtained at some time,
provided injections were repeated frequently.
An entirely new light was thrown on the study of whealing
by the important observations of Lewis and Grant (11). They
demonstrated that wheals resulting from the application of
physical agents as heat, cold and stroking are due to the release
from the cells of the skin of a histamine-like substance (H-sub-
stance). This then acts on the capillaries to form wheals, just
as histamine does when introduced from without. Lewis (12)
described conditions under which refractoriness of the capillaries
to whealing from histamine could be produced. This phenom-
enon is a temporary diminution of capillary response—a matter
of a few minutes, in contrast to the long period of unresponsive-
ness of the skin cells after repeated whealing.
Grant, Pearson and Comeau (13) extended these observations
by studying individuals who had urticaria from heat. These
peculiar patients develop a generalized eruption soon after
exercise or on plunging a limb in hot water. When a tourniquet
was placed about an arm sufficiently tightly to occlude the distal
arterial pulsation and when one leg was then immersed in hot
water, generalized whealing or its equivalent was found to occur.
As the tourniquet was shutting off the blood supply, the fact that
sites of subsequent wheals could be identified distal to the tourni-
quet, implied that nervous impulses were involved. Further
experimentation showed this to be true, and the cholinergic fibers
were identified in the process. Since acetyicholin is released
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after excitation of cholinergic fibers, this substance was evidently
essential to wheal formation in the patients studied. Acetyl-
cholin was thought to act upon the cells of the skin and in some
unexplained way cause the release of H-substance. Sche-
matically, the theory of the sequence in the process of wheal
formation under the above circumstances is as follows: cholinergic
nerve stimulation — acetylcholin —* H-substance — capillary
permeability = whealing.
Whether whealing from H-substance, as on stroking the skin,
necessitates cholinergic nerve stimulation is not as yet clear.
Lewis (14) has identified nerve fibers in the skin and mucous
membranes of the upper respiratory tract which appear to be
separate from the vegetative system. These, he termed "foci-
fensor" nerves, which when stimulated by mechanical trauma
activate the production of what appears to be H-substance or
something akin to it.
TECHNICAL CONSIDERATIONS
Whealing occurs as the result of contact between an urticario-
genic substance and the skin capillaries. These, in turn, dilate
and become permeable to their contained plasma. The factors
involved in this process have been thoroughly described by Lewis
and his associates (12).
Whealing, histologically, is a mild inflammation which lasts
some 24 hours or longer (15, 16). The process is remarkably
reversible, as demonstrated by Torök and Han (5), who found
no chronic change after wheals from morphine had been laid
down 35 times at one site.
In studying skin refractoriness by whealing, various methods
have been employed to bring the urticariogenic substance in
contact with the skin cells. Intradermal injections have been
used largely, either through a hypodermic needle or capillary
pipette. Other methods included scarification followed by
application of the substances to be tested, pricking with a needle
through a drop of the substance to be tested, and very recently
electrophoresis.
Almost all of the reports in which comparative measurements
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of wheals have been made, deal with the intradermal method.
The inherent fallacy of this procedure resides in the fact that an
initial edema is made by the intradermal deposition of the
solution to be tested, usually about 0.02 cc. The depth and
exact amount of fluid introduced are difficult to measure and
naturally influence the final wheal observed.
There are other essential inaccuracies in all methods involving
repeated wheal formation at the same site. The two most
important are the fact that histologically some microscopic edema
persists when the second and subsequent wheals are laid down;
and secondly, the size of the wheals are usually compared by
recording their square area without regard to their height, which
in turn depends largely upon the depth of injection.
The introduction of electrophoresis has made the process of
repeated whealing at a given site considerably more accurate.
The initial edema of intradermal injection is obviated, and the
amount of current and time of application may be repeated
exactly. The factors involved in electrophoresis of drugs through
the skin and its theoretic limitations have been extensively
described by Abrahamson (17). This method was employed in
the experiments herewith recorded.
METHOD
The apparatus used consisted of a 45 volt "B" battery wired
to two sets of poles through a milli-ammeter and rheostat to each.
The indifferent electrode was a nickel cylinder covered with
blotting paper which was saturated with physiologic salt solution.
The active electrodes were of steel mesh grid with millimeter
squares. To these were applied blotting paper soaked with
the solutions to be tested. The current applied was usually 2
mffliamperes for 2 minutes.
The following drugs were studied: histamine, codeine, mor-
phine, atropine, pilocarpine and eserine. Dilutions of each were
prepared and tested on the skin and estimation thus made of their
potency as urticariogenic agents. Skins were found to vary
considerably in their ability to accept wheals, so that one would
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tolerate a much greater concentration of a substance than an-
other. However, no selectivity was apparent; a weakly reacting
skin reacting weakly to all the drugs tested and vice versa.
The drug to be tested was applied to the skin by means of the
electrode and the resulting wheal outlined in ink 15 minutes after
its removal. At intervals varying from 1 to 72 hours, reapplica-
tions of the drug were made at the same site. Only part of the
original site was retested, since the electrode was so placed as to
include both a portion of the previously exposed area and an area
of normal skin as a control. This mode of reapplication is made
clear in the figures. By this method an original site could be
retested not only with the drug used but with other substances
TABLE 1
DILUTION
FIRST
APPLICA-
TION
TIME INTERVALS OF REAPPLICATION IN HOURSi 3 6 12 24 48
Histamine diphos-
ph. 1:100,000.... ++++ ++++ ++++ ++++ ++++ ++++ ++++
Histamine diphos-
ph.1:1,000,000... + + + + + + +
as well. The intensity of the reactions was recorded arbitrarily
by + signs.
Histamine
This was the most potent of the urticariogenic substances
tested, and induced wheals in a dilution of 1:5,000,000. At no
time was the skin found unresponsive to a reapplication of the
drug, regardless of concentration (table 1).
Histamine, on the other hand, consistently caused whealing
in areas made unresponsive by other drugs. This was determined
by superimposing a histamine wheal over part of a previously
tested area and continuing it on to normal skin which served as a
control (fig. 1). Not only did histamine produce wheals at sites
made unresponsive to other drugs, but these wheals were never
reduced in size as compared to those laid down in normal con-
tiguous skin (fig. 1).
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Codeine
Codeine was not found to be as strong an urticariogenic sub-
stance as histamine. It produced wheals with a dilution of
1:10,000 and occasionally with 1:100,000. When used in con-
centrated solutions, reapplications to a skin site gave no diminu-
tion in whealing. With weaker preparations, there was a distinct
temporary reduction in response. This reduction of capacity
to respond was demonstrable up to 12 hours after the first appli-
FIG. 1. 1, site of previous wheal from eserine (1:30); , wheal from histamine
(1: 100,000); 3, wheal from reapplication of eserine (1:30).Diagonal lines = whealing ++++; clear area = no whealing.
TABLE 2
DILUTIONS
OF CODEINE
SULFATE
1:100
1:200
1:1,000
1:10,000
FIRST
APPLICA-
TION
++++
++++
++++
++
REAPPLICATION TIME INTERVALS IN MOUSE REAPPLICATION TIME INTERVALSIN DAYS
I 3 141 6 I12 24
++++++++ ++++ ++++
0 ++ I++I++++i I++++
0 I 0 1+ ++++I I++++
+ + I + I I ++
.2 3 5 6
I
++++i++++I++++I++++
I I
I
cation (table 2). The effect varied in degree on different skins,
but was always present.
If a reapplication of codeine was made with a dilution con-
siderably weaker than that which produced the original wheal,
some unresponsiveness could be demonstrated at 24 hours (fig. 2).
When codeine was applied in proper dilution to areas made
unresponsive to other drugs, whealing occurred; but, unlike
histamine, there was reduction in size as compared to the control
wheal on contiguous skin (fig. 3).
a
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It would appear, then, that codeine may render the skin par-
tially unresponsive to reapplications of this drug. Codeine,
unlike histamine, when applied to an area made refractory by
other drugs produced a wheal smaller than that in normal pre-
viously untreated skin areas.
Fro. 2. 1, site of codeine (1:200) wheal after 24 hours; 8, wheal from codeine
(1:200); 8, wheal from codeine (1:2000).
Diagonal lines = whealing ++++; cross hatched lines = whealing ++;
clear area = nowhealing.
FIG. 3. 1, site of eserine (1:30) wheal after 24 hours; 2, wheal from eserine
(1:30); 8, wheal from codeine (1:2000).Diagonal lines = whealing ++++; dots whealing +; clear area = no
whealing.
Morphine
Morphine was comparable to codeine in its ability to form
wheals; and, like codeine, in proper dilutions, it caused partial
unresponsiveness to reapplications. Moreover, when applied
to areas made unresponsive by other drugs, the morphine wheal
in those sites was smaller than that on normal, previously un-
treated skin areas.
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Atro pine
The urticariogenic power of atropine was less than that of
codeine and produced wheals up to a dilution of 1:1,000. In all
other respects its behavior was comparable to that of codeine
and morphine.
Pilocar pine
Pilocarpine, like atropine, formed wheals with 1:1,000 con-
centration, but none with dilutions much weaker than this.
TABLE 3
FIRST REAPPLICATIONS HOURS mEB FIBST APPLICATION
APPLICA-
TION 1 3 6 12 24 48 72
Pilocarpine 1:20 ++++ 0 0 + ++ 0 ++ ++++
Fia. 4. 1, site of pilocarpine (1:20) wheal after 6 hours; 2,wheal from codeine
(1: 100); 8, wheal from pilocarpine (1:20).
As in figure 3.
When reapplied to the same site even in strong solutions there
was a marked degree of unresponsiveness. This unresponsive-
ness lasted up to 48 hours after the first application (table 3).
Sites unresponsive to pilocarpine from previous application
of the drug were responsive to concentrations of histamine,
codeine and morphine (fig. 4).
Unlike the other drugs recorded above, pilocarpine induced a
marked degree of unresponsiveness to reapplications. Areas
thus made unresponsive to pilocarpine were nevertheless readily
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whealed by concentrations of histamine and codeine. Pilo-
carpine when applied to previous areas of whealing by other drugs
3
FIG. 5. 1, site of codeine (1:1000) wheal aftei 6 hours; 2, wheal from codeine
(1:200); 3, wheal from pilocarpine (1:20); 4, wheal from pilocarpine (1:200).Diagonal lines = whealing ++++; cross hatched lines whealing ++;
clear area = no whealing.
TABLE 4
FIRST REAPPLICATIONS HOURS AFTER FIRST APPLICATION
APPLICA _________________ __________________________________________
TION 3 4 8 12 20 24 48 72
Eserinel:100 ++++ 0 0 + + ++ 0 0 0 ++++
FIG. 6a Fia. 6b
FIG. 6a. 1, site of eserine (1:100) wheal after 24 hours; 2, wheal from eserine
(1:100); 3, wheal from eserine (1:30).
Same as figure 5.
FIG. Sb. 1, site of pilocarpine (1:100) wheal after 24 hours; 2, wheal from
eserine (1:100); 3, wheal from codeine (1:200).
gave a response much less than that of comparatively similar
concentrations of codeine or histamine (fig. 5).
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Eserine
This is a powerful urticariogenic substance, comparable in
its potency to codeine and morphine. Unlike them, however,
the first reapplication of eserine rendered the skin markedly
unresponsive to reapplications (table 4).
Eserine wheal sites were found to be unresponsive to eserine
and pilocarpine, but much less so to codeine (fig. 6 a and b).
Eserine, like pilocarpine, gives a poor response when applied
to sites of previous wheals from other drugs.
Acetylcholine
Applications of this drug by electrophoresis caused marked
flushing of the skin but poor wheals. For this reason the phe-
nomena in question could not be studied with this drug.
DISCUSSION
The examples given represent a large number of experiments
which are necessary to evaluate results. The response to a given
dilution or at given time interval was by no means constant,
even in the same individuals on successive days. Apparently,
unresponsiveness to a wheal-forming substance is only relative,
since stronger concentrations of the same drug will often cause
a response in areas unresponsive to greater dilutions (figs. 5
and 6 a). However, the contrast in behavior of the drugs used
was striking.
It appears that the wheal-forming substances employed fall
into two groups, one of which contains codeine, morphine and
atropine, and the other pilocarpine and eserine. Histamine
belongs strictly to neither but its action closely resembles that
of the first group. Although representatives of either group
may be equally potent insofar as forming wheals is concerned,
the ability of pilocarpine and eserine to render the skin unre-
sponsive is far greater than that of the codeine-morphine-atro-
pine group. This observation is in conformity with that of
Grant and his associates, who found, as stated above, that the
release of H-substance from the cells of the skin was preceded by
the production of acetylcholine which in turn depends on cho-
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linergic nerve impulses. Of much significance was their clinical
demonstration that once H-substance was released through such
a mechanism, an interval of some 48 hours had to elapse before
H-substance could so be released again.
Pilocarpine and eserine both influence the supply of acetyl-
choline, the one by causing its production, the other by inhibiting
its destruction. On the basis of the present findings, it seems
plausible to assume that the wheals formed after their introduc-
tion into the skin may be due to H-substance. In support of
this was the marked unresponsiveness that developed to re-
applications of these drugs for a period of 48 hours.
The effect of reapplication of histamine was in contrast to
that of pilocarpine and eserine, for application of histamine
produced no diminution whatever in the size of wheals on repeated
introduction at a given skin site, no matter what dilution was
used or how often applied (table 1). In this respect, codeine,
morphine and atropine, in concentrated solutions, resembled
histamine in their action. But when the second application
was made with a dilution weaker than the first, some unrespon-
siveness occurred in 24 hours (fig. 3). With codeine, there was
also a marked degree of unresponsiveness for the first 12 hours,
which was lost after that. This appears to be a different phe-
nomenon from the unresponsiveness obtained with pilocarpine
and eserine and will be discussed later.
From the observations presented thus far, it appears a logical
hypothesis that pilocarpine and eserine form wheals by promoting
the formation of H-substance, whereas histamine acts on the
capillaries directly. Codeine, morphine and atropine closely
resemble histamine in that wheals undiminished in size are ob-
tained on reapplication. With proper dilutions, however, some
degree of unresponsiveness can be demonstrated. This would
be explained by the hypothesis that wheals formed by codeine-
morphine and atropine are based on two separate effects. The
first is the direct action on the capillaries by the drugs them-
selves and, the second—the urticarigenic action of H-substance
released in the tissues exposed to these drugs.
Lewis and his associates have shown that H-substance appears
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in response to injury, such as stroking the skin, freezing and
galvanic stimulation, and it is, therefore, quite probable that
chemical irritation from certain drugs which cause a mild in-
flammation in the form of whealing would likewise cause the pro-
duction of H-substance. It was a matter of interest and some
surprise that no evidence of this second effect, at least as detected
by unresponsiveness to reapplication, could be detected when
histamine itself was introduced.
Unresponsiveness to reapplications of pilocarpine and eserine
is not complete; for there is a temporary return of response,
although slight, at the 4th, 6th and 12th hour. Likewise with
codeine, some unresponsiveness appears, which with weak dilu-
tions may be detected for 12 hours. Why these periods of dlimin-
ished responsiveness occur is bound up with the question of why
FIG. 7. Ringed areas = sites of previous wheals; lined areas fresh wheals
unresponsiveness occurs at all. Of this, little is known. Evi-
dently it is not due to inability of the capillaries to react, for
areas unresponsive to pilocarpine or other drugs can be readily
whealed by histamine. It is not due to a lack of acetylcholine,
as has been demonstrated by Grant and his associates, but to an
inhibitory factor. This may be histaminase, which conceivably
may appear for a much shorter duration when H-substance is
evoked by codeine than by piocarpine and eserine. Another
possibility is that unresponsiveness represents an exhaustion of
the cells of the skin to liberate H-substance. However, until
more is known about the processes involved in skin unresponsive-
ness, these questions must go unanswered.
The question as to why acetylcholine, which evidently is neces-
sary to release H-substance, gives such poor wheals presents
another problem requiring study.
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The fact that unresponsiveness occurs after the release of H-
substance should also be demonstrated in the wheals of clinical
urticaria. This was found to be true. In patients with chronic
urticaria, when several wheals were outlined with ink, recurring
lesions were never observed to invade the marked areas for a
period of 30 hours or more. Frequently the new wheals would
crowd against the ink marks but not cross them (fig. 7). That
the unresponsiveness of an enclosed area was not due to an in-
ability of the capillaries of this area to react was readily demon-
strated by the introduction of histamine at those sites. Whealing
then promptly appeared at the clinically unresponsive areas.
Thus, wheals occurring spontaneously in chronic urticaria
resemble in this respect those laid down by pilocarpine and
eserine, and not those produced experimentally by histamine.
SUMMARY
Local skin unresponsiveness to wheal-forming drugs may be
explained by the phenomenon that once the intermediary sub-
stance (H-substance) is released from the cells of the skin by such
drugs, a period of some 48 hours must elapse before the power of
full whealing is restored. This lack of response is due to tissue
factors and not to an inability of the capillaries to react.
Theoretically, wheal-forming drugs may be classified as follows:
(a) Those that form wheals principally by causing the release
of H-substance, wherein the stimulus to the capillaries is pro-
duced by this intermediary substance supplied by the skin cells.
These drugs, pilocarpine and eserine, induce a high degree of
unresponsiveness.
(b) Histamine, which in its main effect apparently acts directly
on the capillary wall without the participation of H-substance.
Repeated applications of histamine revealed no unresponsive-
ness, whereas areas unresponsive to other drugs could always be
whealed by histamine.
(e) Drugs (codeine, morphine and atropine) that, like his-
tamine, act directly on the capillaries but also cause sufficient
irritation to release some H-substance. Wheals thus formed
are due both to extrinsic and intrinsic factors. These drugs
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do not induce complete unresponsiveness, since when reapplied
to the skin they again act directly on the capillaries. However,
wheals on reapplication are smaller because the contribution of
the release of the intermediary H-substance is lost, this capacity
having been exhausted by the preceding applications.
The mechanism that controls unresponsiveness is quite un-
known.
Clinically, the wheals of urticaria are followed by a period of
unresponsiveness analogous to that observed in experimental
wheals produced by pilocarpine and eserine and differ in this re-
spect from experimental wheals produced by histamine.
The fact that the hypothetical intermediary (H) substance
and histamine have entirely opposite effects on skin unrespon-
siveness suggests a lack of identity of the two.
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